ABSTRACT. This study investigated the reproductive characteristics in 2 cloned female beagle dogs (Clones A and B) during proestrus and early estrus. The pre-ovulatory estradiol peak occurred 2 days before the pre-ovulatory luteinizing hormone (LH) surge, while the follicle stimulating hormone surge started concomitantly with the LH surge in both cloned dogs. Serum progesterone levels increased during proestrus and estrus and its concentration on the day of the LH surge was 3.59 and 2.71 ng/ml in Clones A and B, respectively. Gradual follicular growth was observed by ultrasonography during proestrus. Although the numbers are limited, these cloned female dogs showed normal ranges of reproductive hormone levels and follicular changes during proestrous and early estrous stages of the cycle.
, Hyun Ju OH 1) , Jung Eun PARK 1) , Jung Taek KANG 1) , Min Jung KIM 1) , Jung Hee YOON 2) , Jin Hwa CHANG 2) , Min Kyu KIM 3) , Goo JANG 1) and Byeong Chun LEE 1) Cloning technology using somatic cell nuclear transfer (SCNT) provides valuable opportunities for the fields of biomedical science, agriculture and preservation of endangered animals [2, 6, 17] . In canids, SCNT has been applied not only to the cloning of companion dogs [12, 13, 16] but also to the preservation of endangered canine species [14, 18] . In some species, cloned offspring produced by SCNT have been reported to show normal reproductive characteristics and successfully produce progeny by natural mating [1, 2, 6, 7, 21] . To our knowledge, however, there are no studies on the reproductive characteristics of cloned dogs. Accordingly, this study was designed to investigate systemic reproductive characteristics of cloned beagles, specifically their hormonal profiles and ovarian follicular development.
Recently, we produced two cloned beagles (designated as Clones A and B) derived from canine fetal fibroblasts [10] . For this study, they were monitored regularly from six months of age for the presence of vulvar swelling and serosanguinous vaginal discharge, which were used as indications of the onset of proestrus. From the first day of proestrus, jugular venous blood samples were collected twice a day for hormonal analysis. Serum was prepared by centrifuging at 3,000 rpm for 20 min and stored at -30C until use for hormone measurement. Additionally, to gain more detailed information regarding the changes of hormones around the time of ovulation, blood samples were collected three times a day after the serum progesterone concentration exceeded 1 ng/ml. Previous studies demonstrated that progesterone can be used to accurately predict ovulation in canines [11, 14] .
For analyzing reproductive hormones, progesterone, estradiol-17 (E 2 ), follicle stimulating hormone (FSH), and luteinizing hormone (LH), the assays were performed with the assistance of the Neodin Veterinary Laboratory, Seoul, South Korea (http://www.vetlab.co.kr). Briefly, serum progesterone concentrations were measured by radioimmunoassay (RIA) using a Coat-a-Count Progesterone Kit (Siemens Medical Solutions Diagnostics, U.S.A.). The kit contains rabbit anti-progesterone antibody and has a minimum detection limit of 0.02 ng/ml. The intra-and interassay precision (coefficient of variation, CV, %) of the samples ranged from 2.7 to 8.8 and from 3.9 to 9.7, respectively. E 2 concentrations were measured by electrochemiluminescence immunoassay using Estradiol II kit (Roche Diagnostics Corp., Indianapolis, IN, U.S.A.). The kit contains rabbit anti-estradiol antibody and has a minimum detection limit of 5.0 pg/ml. The intra-and interassay precision (CV, %) of the samples ranged from 2.3 to 6.2 and from 6.2 to 13.0, respectively. Serum LH concentrations were measured by RIA using a canine LH RIA kit (BiocodeHycel, Liege, Belgium). This assay is based on the competition between the LH of the canine sample and a 125 Ilabelled canine LH tracer for binding to a highly specific rabbit polyclonal antibody. It has a minimum detection limit of 0.39 ng/ml. The intra-and interassay precision (CV, %) of the samples ranged from 5.3 to 14.1 and from 7.8 to 10.4, respectively. FSH concentrations were measured by immunoradiometric assay using canine FSH IRMA kit (Biocode-Hycel). The kit contains anti-canine FSH monoclonal antibody and has a minimum detection limit of 0.2 ng/ml. The intra-and interassay precision (CV, %) of the samples ranged from 1.7 to 4.1 and from 4.0 to 9.9, respectively.
Observation of ovarian follicles with an ultrasonographic diagnosis system (Sonoace 9900, Medison Co., Seoul, Korea) began three days after initiation of vulvar bleeding. The sizes of the observed ovarian follicles were estimated by measuring inner diameters of the echo-free regions using a linear-mode 7.5 MHz probe. The mean diameters were calculated from three measurements for each follicle. These findings were compared with the results of vaginal cytology [data not shown] and changes in serum concentrations of progesterone, E2, LH, and FSH .
In the beagle dog, the reference range of first estrus can be from 8-14 months of age [20] . In this study, the days when the cloned female beagles reached puberty were within the reference range (Clone A, 331 days and Clone B, 334 days). The changes in E 2 , LH, FSH and progesterone around the time of ovulation are described in Fig. 1 . The highest serum concentrations of E 2 were measured at 44 and 48 hr before the pre-ovulatory LH surge peak in Clones A and B, respectively. These results correspond with previous studies, which reported that the E 2 peak was observed 24-48 hr before the LH surge [4, 19] . Because the duration of the LH surge is as short as one day [8] , the estimated peak value of the pre-ovulatory LH surge has varied among studies. Hase et al. [8] reported that the value of serum LH was 24.8  3.1 (SE) ng/ml on the LH surge day, but it was only 7.0  2.1 (SE) ng/ml at 12 hr before the peak. Therefore, in the present study, hormone measurement was performed three times per day around the time of the LH surge to determine LH levels in cloned dogs. The mean peak serum LH concentration was 6.22 ng/ml. This result was lower than that reported by Hase et al. [8] and Gier et al. [4] , but similar to another study which demonstrated that the LH peak ranged from 4.4 to 11.1 ng/ml [3] . Moreover, the estimated time of the LH peak corresponded with the results of vaginal cytology and other hormonal values. In both cloned dogs, the pre-ovulatory LH surge was accompanied by a pre-ovulatory FSH surge and both surges started concomitantly. These results are in accordance with the data of Gier et al. [4] . The serum concentration of progesterone gradually rose during proestrus and estrus. Synchronous with the start of the LH surge, serum progesterone concentration sharply increased. Serum progesterone can be used to predict ovulation with once-daily analysis [8, 11] . The concentrations of serum progesterone around the pre-ovulatory LH surge are summarized in Table 1 . In the present study, the serum progesterone concentrations on the LH surge day were 3.59 and 2.71 ng/ml in Clones A and B, respectively. Figure 2 shows the changes in ovarian follicles during proestrous and early estrous stages. With ultrasonography, ovarian follicles appeared as focally hypoechoic to anechoic, rounded structures. From 6 days before the LH surge, the average size of anechoic follicular antrum gradually increased (Table 2) . Two follicles were observed on both ovaries of Clone A on the LH surge day and Clone B had four follicles on the left ovary and one on the right. One day before the LH surge, the follicular walls appeared to be thicker than before in both cloned dogs. Hase et al. [8] reported that the time between the LH peak and ovulation ranged from 24-48 hr, and 38  4.4 hr on average. Other studies demonstrated that ovulation in female dogs was characterized by a significant decrease in numbers of fluidfilled follicles and their replacement with similarly sized hypoechoic ones [5, 9, 22] . In the present study, the number of anechoic structures two days after the LH peak decreased to one on both ovaries of Clone A and two on the left ovary of Clone B. Moreover, small amounts of fluid were observed around the ovaries. Corpora lutea had anechoic lumens and were surrounded by thick walls, as described in a previous study [15] . In summary, for the first time, reproductive hormonal changes were analyzed and ovarian follicular development was observed in cloned dogs. This study will contribute to understanding the reproductive characteristics of female cloned dogs and could be used in their reproductive management.
